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Purpose: Compression of the lower extremity is the mainstay of therapy in patients who 
have chronic venous insufficiency. We evaluated the ability of two forms of compression-- 
elastic stockings and an inelastic compression garment--with air plethysmography to 
determine how well they corrected abnormal deep venous hemodynamies in patients who 
had dass I I I  chronic venous insufficiency and how well this correction was sustained over 
time. 
Methods: Patients had measurements taken with no compression, with a 30 to 40 mm Hg 
below-knee stocking, and with the inelastic ompression garment 2 hours and 6 hours after 
donning the garments. Therapies were compared with baseline and with themselves over 
time. 
Results: Inelastic ompression maintained limb size and reduced venous volume better than 
no compression or stockings over time (ankle circumference at 2 hr vs 6 hr: baseline, 
24.7 ___ 7 cm vs 26.1 + 1.1 cm; stocking, 23.9 + 1.1 cm vs 26.2 + 1.2 cm; inelastic 
compression, 25.4 + 1.1 cm vs 25.4 + 0.9 cm; venous volume at 2 hr vs 6 hr: baseline, 
97.5 + 14.1 ml vs 105.2 + 17.9 ml; stocking, 112.4 + 29.7 ml vs 77.5 + 13.2 ml; inelastic 
compression, 72.2 + 14.1 ml vs 56.1 + 10.2 ml). At 6 hours, the ejection fraction was 
increased and the venous filling index was significantly less with inelastic ompression 
compared with the stocking and baseline (ejection fraction at 6 hr: baseline, 61.6% + 6.9%; 
stocking, 75.9% + 17.7%; inelastic ompression, 78.8% + 12.2%). 
Conclusions: Inelastic ompression has a significant effect on deep venous hemodynamics 
by decreasing venous reflux and improving calf muscle pump function when compared 
with compression stockings, which may exert heir primary effect on the superficial venous 
system. (J Vasc Surg 1996;24:783-7.) 
of 
Compression of the leg is the mainstay of therapy 
in patients who have chronic venous insufficiency 
(CVI) and is based on the understanding that gradient 
compression helps to relieve symptoms and to im- 
prove venous function. A variety of compression 
devices are available, including elastic bandages, gra- 
dient compression stockings, Unna's boot, and the 
Circaid garment (Circaid Medical Products, Coro- 
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nado, Calif.). Both elastic bandages and Unna's boot 
are generally used only for short-term compression i
conjunction with dressings and have little place in the 
long-term prophylactic treatment of CVI. Gradient 
compression stockings are considered by many to be 
the treatment standard for CVI. This status is based 
both on empiric evidence that continued use of 
compression stockings leads to improvement in the 
symptoms and on signs of CVI and documentation f 
changes in venous blood flow velocities. 1-6 The Cir- 
caid garment, a relative newcomer to the field, has also 
been shown to be effective in the treatment of CVI. 
Differences exist between compression stockings 
and the Circaid. Compression stockings are elastic, 
whereas the Circaid is made of inelastic Velcro strips. 
In our experience, stockings tend to lose their elas- 
ticity over time, and they must be replaced more often 
than Circaids. This observation, coupled with reports 
from our patients with advanced CVI who have worn 
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Table I. Patient characteristics and classification 
Patient Sex Age (yr) C E A P C score D score 
1 M 48 5 S S,D,P R 8 2 /3  
2 F 70 6 S S,D,P R 10 2 /3  
3 M 59 6 S S,D,]P R 11 2 
4 M 62 6 S S,D,P R,O 14 3 
5 F 60 5 S S,D,P R,O 10 3 
6 M 60 6 S S,D,P R,O 10 2 
7 M 75 6 S S,D,P R 12 2 /3  
8 M 50 6 S S,D,P R 10 2 /3  
9 M 75 6 S S,D,P R 10 3 
10 F 42 6 S S,D,P R,O 14 3 
C, Clinical; E, etiologic; A, anatomic; P, pathophysiologic; C score, clinical score; D score, disability score (see reference 1). 
stockings that both the edema and the symptoms 
reappeared by the day's end lead us to question how 
well elastic (a standard, gradient compression stock- 
ing) and inelastic (Circaid) compression garments 
maintained reduction in limb circumference and cor- 
rection of venous hemodynamics in this type of 
patient. 
METHODS 
Patient population. Our study population con- 
sisted of 10 patients (18 limbs) who had CVI previ- 
ously documented by history and an examination that 
showed signs and symptoms of chronic stasis, ulcer- 
ation, or both. There were seven men and three 
women, ranging in age from 42 to 75 years. All but 
two had bilateral disease. Patients who had bottleneck 
deformities or similar anatomic abnormalities that 
would have interfered with fitting of a standard 
compression stocking were not considered for this 
study. All patients had undergone air plethysmo- 
graphic (APG) studies that demonstrated abnormal 
venous hemodynamics that were consistent with a 
diagnosis of CVI. This diagnosis had been corrobo- 
rated in all patients by a combination of duplex and 
phlebographic studies. Information from these 
sources placed all patients in a class III category and 
defined the typical patient as C6EsAs,D,vPp,, with an 
average clinical score greater than 10 and a disability 
score between 2 and 3 using the classification and 
grading system developed by the American Venous 
Forum (Table I). 1 The CEAP classification catego- 
rizes patients who have leg venous disease according 
to Clinical symptoms (a numeric score); Etiologic 
factors--for example, primary varicose veins versus 
secondary, or postphlebitic disease; Anatomic loca- 
tion of disease vein segments--for example, superfi- 
cial, deep, and perforator; and Pathophysiologic fac- 
tors, based on the presence or absence of reflux and 
obstruction. Both clinical and disability scores are 
added, with higher values reflecting more advanced 
disease. Bilateral disease also increases overall scores. 
Study protocol. Each patient was evaluated on 3 
separate days (from 3 to 7 days apart) under the 
following three conditions: no compression (or base- 
line), compression stocking, and Circaid garment. 
Patients were fitted with new, 30 to 40 mm Hg 
below-knee gradient compression stockings and Cir- 
caid garments before the study. They were instructed 
to put on the garments immediately after arising on 
the specified study date and to come to the laboratory 
in the morning within 2 hours of arising for the AM 
studies. Circaid garments were hand-tightened by the 
patients during application. This approach as been 
shown to create reproducible pressures under the 
garment. 7 Venous volume, venous filling index, ejec- 
tion fraction, and residual venous fraction were mea- 
sured using APG at 2 and 6 hours after the garment 
had been donned. Ankle and calf circumferences were 
measured at the same time. Measurements were taken 
over the stocking or by temporarily oosening astrap 
in the Circaid garment. Limbs were marked to ensure 
that repeat measurements at 6 hours were made in the 
same locations. APG studies were performed by 
placing the cuff over the leg with the garment in place. 
Transportation was provided for those in need to 
assure arrival at the vascular laboratory within 2 hours 
of donning the garments. Patients were encouraged 
to walk between study sessions. The distance patients 
walked was recorded by a pedometer. Each patient 
walked approximately the same distance at each visit. 
Overall distances inmiles are as follows: baseline, 0.23 
(0.03 to 0.52); stocking, 0.34 (0.04 to 0.93); Circaid, 
0.43 (0.02 to 0.9). 
The measurements of ankle and calf circumfer- 
ence and the components of the APG test were 
compared over time and for the three methods of 
baseline, stocking, and Circaid garment. Data and 
comparisons were analyzed using paired t tests and 
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Table II. Baseline, stocking, and Circald measurements 
Baseline Stocking Circaid 
Ankle 2 hr (cm) 
Ankle 6 hr (cm) 
Calf2 hr (cm) 
Calf6 hr (cm) 
VV 2 hr (ml) 
W 6 hr (ml) 
VFI 2 hr (ml/sec) 
VFI 6 hr (ml/sec) 
t~F 2 hr (%) 
EF 6 hr (%) 
24.7+0.7 (18 to 30.5) 
26.1 + 1.1 (19 to 38)* 
38 + 1.5 (29 to 49.5) 
40.5 + 1.4 (34 to 53)* 
97.5 + 14.1 (25.7 to 281.6) 
105.2 + 17.9 (15.7 to 312.5)1- 
4.9+ 0.5 (1.6 to 9.8) 
4.8 + 0.9 (1.1 to 13.9)~ 
44.9 + 5.2 (9.9 to 86.2) 
61.6 + 6.9 (9.4 to 123.5)1" 
23.9 + 1.1 (19 to 33) 
26.2 + 1.2 (19 to 36)* 
36.8 + 1.6 (26 to 48) 
40.3 + 1.7 (32 to 53)* 
112.4+29.7 (3.9 to 490)5 
77.5 + 13.2 (4.1 to 169.3)~: 
6.3 + 3.2 (0.1 to 49.6):~ 
8.5 + 3.5 (0.14 to 48.3)1"~ 
78.4 + 23.9 (33.3 to 400)5 
75.9 + 17.7 (19.9 to 275)1"~ 
25.4+ 1.1 (20.5 to 32) 
25.4+ 0.9 (21 to 35)1" 
37.9 + 1.3 (33 to 44.5) 
39.6 + 1.5 (34 to 52)i" 
72.2 + 14.1 (32.1 to 154.5)§]1 
56.1 _+ 10.2 (6.7 to 107)*§]1 
4 .1+0.6(1 .1  to 6.9)~ 
2.9 + 0.4 (0.7 to 4.4)§ 
51.3 + 7.6 (30.5 to 107)~ 
78.8 + 12.2 (42.5 to 142.8)§[I 
*p < 0.05 for baseline, stocking, or Circaid compared at 2 and 6 hr. 
"fp = NS for baseline, stocking, or Circaid compared at 2 and 6 hr. 
Sp = NS for comparisons of stocking or Circaid with baseline at either 2 hr or 6 hr. 
§p < 0.05 for comparisons of stocking or Circaid with baseline at either 2 hr or 6 hr. 
liP < 0.05 for stocking compared with Circaid at either 2 hr or 6 hr. 
nonparametric measures (Wilcoxon rank tests) be- 
cause of sample size and to evaluate data using each 
limb as its own control. This study was considered a 
low-risk protocol by the Institutional Review Board. 
RESULTS 
Results are shown in Table II. Limb size increased 
significantly from 2 to 6 hours in all patients without 
compression and while wearing a stocking, but not 
with the Circaid garment. Venous volume at both 2 
and 6 hours was reduced significantly by the Circaid 
garment when compared with measurements a  base- 
line and with the stocking. At 6 hours, the ejection 
fraction was increased by the Circaid but not by the 
stocking. Venous filling index was significantly less at 
6 hours with the Circald but not with either the stock- 
ing or at baseline. There was no significant change in 
residual volume fraction with either garment. 
DISCUSSION 
In this pilot study, the Circald garment proved 
superior to standard compression stockings in cor- 
recting and maintaining abnormal deep venous he- 
modynamics as well as preventing limb swelling in 
patients who had advanced CVI. This effect is ben- 
eficial in that it corrects abnormal reflux, improves calf 
muscle pump function, and prevents limb edema. 
Although compression stockings produced initial 
improvement compared with baseline, this benefit 
was quickly lost in the ambulatory patient. In con- 
trast, the benefit produced by the Circaid was sus- 
tained over time. 
We believe these results reflect a fundamental 
difference between the way inelastic and elastic om- 
pression affect the diseased leg. Standard compression 
stockings appear to have little direct effect on deep 
venous hemodynamics, acting primarily on the super- 
ficial venous ystem. They provide a benefit by com- 
pressing dilated superficial veins, thereby shunting 
blood into the deep system in a more "physiologically 
correct" fashion. This effect is measurable by duplex 
examination asan increase in popliteal venous veloc- 
ity. 2-~ Satin et al. 6 postulated that stockings might 
promote coaptation of valves in some patients on the 
basis of their finding that reflux was decreased in the 
popliteal vein when a water-filled compression device 
was applied around the knee. The relevance of their 
conclusion is questionable, considering the great 
difference between stockings and their experimental 
device. 
Mayberry et al. 8 analyzed the effect of compres- 
sion stockings on deep venous hemodynamics n 16 
patients who had documented CVI (six with class III 
disease) both with duplex-detived measurements of 
femoral and popliteal vein velocities and with direct 
assessment of venous reflux and ambulatory venous 
pressure. Although the stockings provided substantial 
superficial compression, they produced only modest 
increases in popliteal vein velocity and no significant 
improvement i  deep venous hemodynamics. The au- 
thors concluded that he beneficial effect of stockings 
was derived from compression of the superficial 
venous system and not from any change in deep 
venous hemodynamics. These authors also analyzed 
eight previous tudies of the effect of stockings on 
deep venous hemodynamics, ommenting on the dif- 
ferences in findings and the inconsistencies in study 
design. This group, as well as others, have elucidated 
further the effect of stockings on skin blood flow. 9,1° 
Burnand et al)l have suggested that stockings also 
may increase lymph flow and stimulate fibrinolysis. 
Our results may be, in part, a result of the patient 
population chosen. All of the patients had chronic 
postphlebitic venous disease with extensive involve- 
JOURNAL OF VASCULAR SURGERY 
786 Spence and Cahall November 1996 
ment of the deep venous and perforator systems, with 
combinations of reflux and calf muscle pump dysfunc- 
tion. All but one had had recurrent ulceration. Ex- 
tensive disease such as these patients have may not 
respond to the pressures generated by an elastic 
stocking. 
We chose to compare a standard, 30 to 40 mm Hg 
below-knee compression stocking with the Circaid 
because compression stockings are considered the 
standard of care by many and constitute the first line 
of defense in the treatment ofCVI. Stronger stockings 
than we used may be needed to have an effect on deep 
venous hemodynamics. Ohgi et al. 12 measured the 
effect of standard-compression (30 to 40 mm Hg) 
and high-compression (40 to 50 mm Hg) stockings 
on the calf muscle pump in 16 patients by using strain 
gauge plethysmography. They showed that expelled 
volume and refilling time were significantly increased 
only with high compression i patients who had a 
compensated calf muscle pump. Moreover, no im- 
provement was seen in patients who had a failed 
pump. The technology they used to assess deep 
venous function was different from ours, and only 
seven of 21 limbs they studied were in patients who 
had CVI, so the relevance of their findings to our 
study is limited. Furore comparisons ofstronger and 
custom-fitted stockings with inelastic compression 
devices are warranted. 
Stockings are woven to provide a gradient of 
pressure from the anlde upward. The Circaid provides 
similar gradient counterpressure because of its design. 
Each band of the garment is cut to the same width. 
The pressure produced under a smaller distal area of 
the leg by the same size band is greater than that 
produced under a larger area higher in the leg. 8 
Therefore, manual tightening of the bands automati- 
cally produces a pressure gradient that favors cephalad 
flow. More importantly, the legging has been shown 
to generate significantly increased intramuscular pres- 
sures during standing and walking when compared 
with a 30 to 40 mm Hg compression stocking. 
Murthy et al. 13 performed a comparison study in five 
healthy subjects regarding the effect of no stocking, a
30 to 40 mm Hg stocking, and the Circaid garment 
on intramuscular pressures generated during standing 
and walking. Pressures, measured in the soleus and 
tibialis anterior muscles using 3F transducer-tipped 
Millar catheters, were significantly greater with the 
Circaid than with the stocking with both standing and 
exercise. The authors suggested that the Circaid 
improved calf muscle pump efficiency by the genera- 
tion of higher compression a d a reduction i  venous 
pooling. Our findings of decreased venous volume 
and improved calf muscle pump function confirm this 
impression. 
We believe that he Circaid exerts its effect on deep 
venous hemodynamics n two basic ways. The inelas- 
tic construction of the garment serves as a closed 
container or a rigid external support hat compresses 
superficial tissues and minimizes flow through incom- 
petent perforating veins by denying access to the 
superficial venous reservoir. The garment also serves 
as an unyielding resistance to calf muscle compres- 
sion. Blood compressed in the gastrocnemius and 
soleus muscles, unable to escape into the superficial 
system or distal incompetent veins, must ake the path 
of least resistance, that is, cephalad through the deep 
veins. The increase in calf muscle pressure coupled 
with the resistance offered by the Circaid's inelastic 
construction to the outward expansion of the calf 
muscle during contraction should increase mptying 
of the calf sinusoids, thereby increasing calf muscle 
pump efficiency. Our findings of improvement of calf 
muscle pump function with the Circaid support his 
concept. 
Stockings have a finite life and need to be replaced 
periodically to maintain therapeutic effect. 14 Our 
study indicates that standard stockings may also lose 
much of their compressive effect over a short period of 
time in the standing patient as a result of their elastic 
design, not because of deterioration from use. The 
Circaid will not change its shape or circumference 
under the influence of gravity or ambulation. Only 
readjustment of the bands can do this. Patients who 
have severe CVI need strong, consistent compression 
to negate the effects of gravity on the deep venous 
system. Standard elastic compression may not be 
sufficient in this group of patients. Our study has 
demonstrated differences in the therapeutic effect of 
elastic versus inelastic ompression i  a small group of 
patients with advanced CVI. We also believe that our 
findings are helpful in elucidating the way in which 
different forms of Compression work and in pointing 
out the utility of air plethysmographic examination in 
tailoring appropriate herapy for patients. 
The choice of therapy in patients who have CVI 
should be tailored to the individual patient's level of 
disease and needs. Compression stockings provide 
benefit by their effect on the superficial venous ystem 
and by increasing venous velocity. Inelastic ompres- 
sion provides benefit by improving and maintaining 
deep venous hemodynamics. The two forms of 
therapy appear to be complementary nd can be used 
together successfully to provide maximum benefit o 
patients who have CVI. Patients who have mild 
symptoms and a primarily superficial reflux may be 
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treated adequately with stockings. Those who have 
more extensive clinical symptoms caused by abnormal 
deep venous hemodynamics and primary calf muscle 
pump dysfunction may benefit more from inelastic 
compression. 
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